Abstract
triglyceride levels (HR=0.987; 95%CI=0.975-0.998; p=0.024) were independent predictors of a new cancer diagnosis (multivariate Cox regression analysis). When patients in whom the suspicion of cancer appeared in the first one-hundred days after blood extraction were excluded, NT-proBNP was the only predictor of cancer (HR=1.061; 95% CI=1.034-1.088; p<0.001). NT-proBNP was an independent predictor of cancer, heart failure, or death (HR=1.038; 95%CI=1.023-1.052; p<0.001) along with age, and use of insulin and acenocumarol.
Conclusions
NT-proBNP is an independent predictor of malignancies in patients with CAD. New studies in large populations are needed to confirm these findings.
Background
Patients with coronary artery disease (CAD) are not only at risk of developing cardiovascular events, but may also develop malignancies. Cancer shares some risk factors with CAD, as age, smoking, and even some dietary patterns could lead to the development of both disorders [1] [2] [3] . Therefore, finding biomarkers that predict risk of cancer in addition to that of cardiovascular events could be useful in CAD patients.
Natriuretic peptides are secreted by cancer cells [4, 5] and N-terminal fragment of pro-brain natriuretic peptide (NT-proBNP) levels are increased in patients with cancer [6] . However, it has not been demonstrated whether NT-proBNP may predict the appearance of malignancies.
In order to study if increased NT-proBNP plasma levels predict cancer, we studied 704 patients with CAD who were free of malignancies at baseline. We also tested these biomarkers: monocyte chemoattractant protein-1 (MCP-1) and soluble tumor necrosis factor-like weak inducer of apoptosis (sTWEAK), both involved in inflammation and atherothrombosis, among other processes [7] [8] [9] ; galectin-3, related to malignancies, heart failure, thrombosis, and renal dysfunction [10, 11] ; and high-sensitivity cardiac troponin I, which has been described to have prognostic value in stable CAD [12] . High-sensitivity C-reactive protein was studied as a reference given the large amount of information published on this biomarker.
Methods

Patients
The BACS & BAMI (Biomarkers in Acute Coronary Syndrome & Biomarkers in Acute Myocardial Infarction) studies included patients admitted to the Madrid-area hospitals Fundación Jiménez Díaz, Fuenlabrada, Móstoles, and Alcorcón with either non-ST elevation acute coronary syndrome or ST-elevation myocardial infarction. Inclusion criteria have been detailed previously [13] . Exclusion criteria were: age over 85 years, coexistence of other significant cardiac disorders except left ventricular hypertrophy secondary to hypertension, coexistence of any condition that could limit patient survival, impossibility to perform revascularization when indicated, patients who were not clinically stable at day six of admission, and subjects in whom follow-up was not possible.
at their hospital. At the end of follow-up (maximum 4.6 years) the medical records were reviewed and patient status was confirmed by telephone contact.
Analytical Studies
The investigators who performed the laboratory determinations (OL, LBC, JMV, and DA) were unaware of the clinical data. Plasma concentrations of MCP-1, galectin-3, and sTWEAK were determined in duplicate using commercially available enzyme-linked immunosorbent assay kits (BMS279/2 Bender MedSystems; DCP00, R&D Systems; BMS2006INST, Bender MedSystems; respectively) following the manufacters' instructions. Intra-and inter-assay coefficients of variation were 4.6% and 5.9% for MCP-1, 6.2% and 8.3% for galectin-3, and 6.1% and 8.1% for sTWEAK, respectively. High-sensitivity C-reactive protein was assessed by latexenhanced immunoturbidimetry (ADVIA 2400 Chemistry System, Siemens, Germany), NTpro-BNP by immunoassay (VITROS, Orthoclinical Diagnostics, U.S.A.), and high-sensitivity cardiac troponin I was assessed by direct quimioluminiscence (ADVIA Centaur, Siemens, Germany). Lipids, glucose, and creatinin were determined by standard methods (ADVIA 2400 Chemistry System, Siemens, Germany).
Statistical Analysis
Quantitative data did not follow a normal distribution and are displayed as median (interquartile range) and compared using the Mann-Whitney test for two independent samples and by the Kruskal-Wallis test for three or more samples. Qualitative variables are displayed as percentages and compared by χ 2 or Fisher exact test when appropriate. Univariate Cox regression analysis was used to study the predictive power of the biomarkers studied along with these variables: age, sex, body-mass index, diabetes, smoking, hypertension, systolic blood pressure, previous heart failure, peripheral artery disease, cerebrovascular events, atrial fibrillation, ejection fraction<40%, LDL (low-density lipoprotein) cholesterol, HDL (high-density lipoprotein) cholesterol, triglycerides, non-HDL cholesterol, glycemia, glomerular filtration rate (Chronic Kidney Disease Epidemiology Collaboration method); therapy with aspirin, clopidogrel, acenocumarol, statins, oral antidiabetic drugs, insulin, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, aldosterone receptor blockers, betablockers, and diuretics; type of last acute coronary event, number of diseased vessels, use of percutaneous revascularization, drug-eluting stents, coronary artery by-pass graft, and existence of complete revascularization at that event.
Multivariate Cox regression analysis was performed with forward, stepwise selection, including the biomarkers studied and all the variables mentioned above, in order to assess which variables were independently associated with the primary and the secondary outcomes. Variables with p<0.05 were entered into the model, and those with p>0.10 were removed. Univariate and multivariate linear regression analyses were performed to assess the relationship of NT-proBNP plasma levels with age, glomerular filtration rate, triglycerides and the other biomarkers studied. Analyses were performed with SPSS 19.0 (SPSS Inc., New York).
Results
NT-proBNP and cancer
Five patients were lost to follow-up, leaving 699 patients for analysis. Age was 60.0 (52.0, 72.0) years, and there were 75.3% men in the population studied. After 2.15±0.98 years of follow-up, 24 patients developed a new cancer. They were located in lungs (4), prostate (4), larynx (3), urinary bladder (3), colon (2), esophagus (2), breast (2), kidneys (1), and pancreas (1) (Table 1 and Fig 2) , including previous or present smoking. The percentage of present smokers at baseline was very low (6.6%).
NT-proBNP levels were 301.0 pg/ml in the case of lymphoma, 357.5 (138.8, 803.5) pg/ml in cases of lung cancer, 705. (Table 1) . No patients in the cancer group were receiving fibrates, as compared to 6.1% in the group that had not developed cancer (p = 0.390).
In four patients, the suspicion of cancer was raised during the first one hundred days of follow-up. These patients showed no significant differences in age, glomerular filtration rate, or NT-proBNP (121. 9, 378 .0] pg/ml; p<0.001) as compared with those not suffering these conditions. Linear regression analyses were performed to assess the extent to which NT-proBNP levels could be explained by other variables. Given that the distribution of all biomarkers was asymmetric, we used logarithms for this analysis. NT-proBNP showed significant but mild correlations with age, glomerular filtration rate, and with plasma levels of high-sensitivity C-reactive protein, high-sensitivity cardiac troponin I, MCP-1, galectin-3, and triglycerides, (Fig 3) , indicating that these variables did not explain most of NT-proBNP variability. The correlation with bodymass index and sTWEAK was not significant (R 2 = 0.002, p = 0.305; and R 2 = 0.000, p = 0.856, respectively). By multivariate linear regression analysis all the variables exhibiting a significant relationship with NT-proBNP at univariate analysis were significant, with the exception of galectin-3 ( Table 2 ). These variables explained about 41% of the variations of NT-proBNP.
NT-proBNP in the prediction of cancer, heart failure and death
In addition to 24 cancers, 19 patients developed heart failure, and 23 died, yielding a total of 66 events. However, some patients had two events: 9 presented heart failure and death and 6 had developed a new malignancy and death. So the total number of patients having at least one event was 51. The cause of death was heart failure in 5 cases, cancer in 4, unknown in 5, and sudden death in 3. Pancreatitis, infection, renal failure, digestive bleeding, bowel ischemia, and cholecystitis accounted for 1 death each.
At multivariate Cox regression analysis, NT-proBNP was an independent predictor of the outcome of new cancer diagnosis, heart failure or death, along with age and use of acenocumarol and insulin (Table 3) .
Discussion
Patients with CAD have increased probabilities of developing malignancies. This is so because the incidence of cancer increases with age [1] , tobacco consumption and some dietary patterns that promote CAD [2, 3] . Thus, predicting the risk of cancer in patients with CAD could be of interest. NT-proBNP is derived from pre-proBNP secreted by the ventricular myocardium [14] and is used mainly for the diagnosis of heart failure [15] . In addition, it may predict the development of heart failure and death in patients with cardiovascular disease [13, 14] . However, NTproBNP could have predictive power beyond cardiovascular risk. In fact, this biomarker is associated with total death in patients with cardiovascular diseases [14] and in elderly subjects [16] [17] [18] [19] .
We describe for the first time that NT-proBNP is also an independent predictor of the appearance of malignancies in patients with CAD. Until now, natriuretic peptides have been investigated as predictors of cardiac toxicity secondary to chemotherapy [20] . More recently, a possible relationship between natriuretic peptide plasma levels and cancer itself has been suggested. In fact, patients with cancer may have elevated BNP levels in the absence of volume overload [6, 21] . In patients over 40 years of age with previous elective non-cardiac surgery, NT-proBNP levels equal to or higher than 125 pg/ml were independently associated with a diagnosis of lung cancer after excluding patients with heart failure, CAD, and other conditions known to affect this biomarker [22] . Although natriuretic peptides had been shown to be secreted by small-cell lung cancer [4, 5] , only 15% of the cases reported in this study, and one in the present paper, had this type of cancer, suggesting that other tumors could also produce NT-proBNP. In addition, NT-proBNP was an independent predictor of survival in patients with non-Hodgkin lymphoma treated with chemotherapy, after excluding those who were candidates for palliative chemotherapy and those with human immunodeficiency virus infection [23] . Twelve percent had previous heart disease and the median ejection fraction was 65%. Of interest, NT-proBNP levels were associated with the involvement of two or more extranodal sites, suggesting a potential relationship with the stage of this malignancy. Similarly, increased NT-proBNP plasma levels predict the progression of metastatic renal carcinoma [24] . Although hematological and lung cancer seem to have been especially related to NT-proBNP levels, in our series there were no differences in plasma levels of this biomarker among these groups of patients with cancer, and the groups of patients with all other tumors. Nevertheless, in our series there was only one case of lymphoma. Also, we found no differences among the various histopathological types of cancer, although the small number of patients analyzed in each subgroup limits the validity of this observation.
At present, it is well known that natriuretic peptides may be produced by cancer cells. In this regard, small-cell lung cancer may secrete both pro-atrial natriuretic peptide and BNP [4, 5] . Also, BNP is expressed both in normal adrenal glands and in adrenal tumors [25] , suggesting that natriuretic peptides may have other roles unrelated to the cardiovascular system. Galectin-3; GFR: glomerular filtration rate; Hs-CRP: high sensitivity C-reactive protein; hs-cTnI: high sensitivity-core troponin I; Log: Logarithm; MCP-1: monocyte chemoattractant protein-1; TG: Triglycerides.
doi:10.1371/journal.pone.0126741.t002 Table 3 . Multivariate Cox regression analysis for the incidence of cancer, heart failure, or death.
Hazard Ratio 95% CI P Age ProBNP synthesis may be stimulated by several proinflammatory cytokines, including tumor necrosis factor-α and some interleukins [26] . Tumor necrosis factor-α and interleukin-6 are expressed in Reed-Stemberg cells from patients with Hodgkin lymphoma [27, 28] . Moreover, they may predict outcome in diffuse large B-cell lymphomas [29] [30] [31] and, as explained, are increased in malignancies at advanced stages [23] . However, the specific cause of the elevation of natriuretic peptide plasma levels seen in cancer has not been elucidated. In recent years, it has been demonstrated that natriuretic peptides, or compounds with similar activity, decrease the number of several cancer cells in vitro through a reduction of DNA synthesis [32] and inhibition of c-Fos and c-Jun protooncogenes [33] , inhibit lung metastases and skin carcinogenesis in animal models [34, 35] , and diminish the expression of vascular endothelial growth factor and that of its receptor VEGFR2, thus having the potential to control vasculogenesis [36] . One work has shown opposite effects of natriuretic peptides on carcinogenesis depending on their concentrations [37] . In that paper, atrial natriuretic peptide enhanced proliferation of human gastric cells in vitro at low concentrations, but inhibited their proliferation through cyclic guanosine 3'5' monophosphate-dependent or -independent pathways when it was present at high concentrations [37] . Then, given that most data suggest an anti-cancer effect of natriuretic peptides, the possibility exists that their production by cancer cells represents a negative feed-back mechanism to control tumor growth. In this case, the NT-proBNP elevation shown here would only be a response to the existence of malignancies. Nevertheless, the fact that natriuretic peptides are related with mechanisms of cancer which are common to multiple malignancies would be in agreement with our findings, since we did not observe significant differences in NT-proBNP levels among patients with different types of cancer. In our population, low triglyceride levels were also independently associated with the development of malignancies in the absence of significant differences in lipid-lowering therapy. Although there is no evidence of a causal relationship [38] , low cholesterol levels are associated with cancer even at preclinical stages [39] . This fact could raise the suspicion that some cancers were present at the moment of blood extraction. This is possible, given that there is a lapse of time between the moment when cancer develops and the first signs or symptoms of the disease appear. We therefore hypothesize that increased NT-proBNP levels could indicate the existence of a tumor that is not made evident using the tools available in current clinical practice. In that case, NT-proBNP could be useful for early detection of malignancies. Nevertheless, all patients showing signs or symptoms of cancer at baseline were excluded even if the diagnosis was confirmed later. Moreover, we performed a second multivariate analysis excluding patients in whom the first symptoms or signs of cancer presented during the first one hundred days of follow-up. In this way we tried to separate the cases of patients that could theoretically have noticed some abnormalities in the weeks before blood extraction for the study though did not report them to their doctors, perhaps because the patients considered them unimportant. In this analysis, NT-proBNP levels were the only independent predictor of future cancer diagnosis, thereby confirming that this biomarker may predict a future diagnosis of cancer in cases that are asymptomatic at the moment of blood extraction. Further work is needed to elucidate if it predicts the development of new cancer or simply detects subclinical tumors.
The possibility of confounding results because NT-proBNP was acting as a marker of heart failure is highly improbable. First, all patients where stable and had not heart failure when blood extraction was performed. Second, the presence of previous heart failure was very low and not different between both groups. Finally, none of the patients who developed cancer in our series suffered heart failure during follow-up. In addition, the possibility of any other relationship of NT-proBNP levels with the underlying CAD is also improbable, as in the multivariate analysis we have controlled for a complete set of variables related with this condition.
Some factors may influence NT-proBNP levels. Increasing age, female sex, hypertension, atrial fibrillation and decreased glomerular filtration rate are associated with high plasma levels of this biomarker, while increasing body-mass index may be related to lower NT-proBNP [14, 40, 41] . In this study, NT-proBNP levels were confirmed to be higher in women than in men, and to increase with age and impaired renal function. However, NT-proBNP remained as an independent predictor of the development of cancer after controlling for all these variables. Of interest, increasing age is associated with high NT-proBNP levels and cancer. Although the increase in natriuretic peptide levels could favor the development of cancer, most of the evidence that we have found in the literature suggests that they seem to have anti-cancer effects [32] [33] [34] [35] [36] [37] and therefore could work as a negative feed-back when malignancies develop.
Finally, NT-proBNP plasma levels were able to predict the development of the composite outcome integrating cancer, heart failure and death. This is a relevant feature, since patients are concerned about any event that could shorten their lives or limit their quality of life regardless of whether they are related to any one medical subspecialty or several of them. If these results are confirmed in future studies, we will be able to enter a new era in the investigation of biomarkers focusing on the prediction of disorders that can share pathogenic aspects and have a serious impact on patient lives, even although they are not related to a single medical specialty.
This work has some limitations. 1) The number of patients diagnosed with cancer during follow-up was small, and this finding should be confirmed in larger populations. Similarly, it seems unwise to attempt to establish a cut-off point of NT-proBNP levels for the diagnosis of future cancer given the limited number of cancer cases reported in this paper.
2) The lack of association between tobacco and cancer diagnosis could be surprising. However, given the previous diagnosis of CAD, most patients had given up smoking, thus reducing the possibility of finding such a relationship in this population. 3) Finally, plasma withdrawn during the acute index event has not been studied, because at this point the population was composed of patients with ST-elevation myocardial infarction and Non-ST-elevation Acute Coronary Syndrome. These are clinical entities with differences in the pathophysiology and management. Given this heterogeneity, mixing plasma findings at this stage could have introduced a bias in the results.
Conclusions
NT-proBNP is an independent predictor of malignancies in patients with stable CAD. If these findings are confirmed in further studies, this biomarker could be helpful in assessing the global prognosis in patients with CAD. 
Supporting Information
